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(57) ABSTRACT

Electrocoagulation may be used to reduce the concentration
of hydrate inhibitors in produced water. For example, a
method may include producing a fluid from a subterranean
formation, the fluid comprising petroleum hydrocarbons and
water, the water having an organic material that includes
hydrate inhibitors dispersed therein, wherein the hydrate
inhibitors are at a concentration of about 30 ppm or greater in
the water; separating the petroleum hydrocarbons from the
water and the organic material; and separating at least some of
the organic material from the water via electrocoagulation to
yield an effluent water and a coagulated organic material.

6 Claims, 3 Drawing Sheets
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ELECTROCOAGULATION REMOVAL OF
HYDRATE INHIBITORS IN PRODUCED
WATER

BACKGROUND

The embodiments described herein relate to reduction of
hydrate inhibitor concentrations in produced water.

Gas hydrates are a growing concern in oil or gas produc-
tion, at least in part, because gas hydrates can present flow
assurance problems in onshore wells, offshore wells, and
pipelines. Gas hydrates are a common form of a unique class
of chemical compounds known as clathrates, in which a rigid,
open network of bonded host molecules enclose, without
direct chemical bonding, appropriately sized guest molecules
of another substance. In the case of gas hydrates, water acts as
the host molecule, enclosing gas molecules such as methane,
thereby yielding ice-like crystals of gas and water.

Gas hydrates normally are found in cold climates, in deep-
water environments, or at any point in a gas system where the
gas experiences rapid expansion. As this lattice expands and
gains mass, it can block tubings, flow lines, pipelines, or any
conduit through which produced gas flows such as a drill
string or a blowout preventer.

As deepwater drilling and production increases, the prob-
lems associated with hydrate formation may increase. Deep-
water is an ideal breeding ground for the growth of gas
hydrates, and when these ice-like crystals form in the circu-
lating system, attempts to manage them can be costly and
dangerous.

Hydrate inhibitors are a class of chemicals that inhibit the
formation of gas hydrates either kinetically or thermody-
namically. In some instances, hydrate inhibitors may be
injected into a wellbore and the surrounding formation to
mitigate gas hydrate formation in the produced water during
petroleum hydrocarbon production. At the well site, the pro-
duced water may be separated from the petroleum hydrocar-
bons (e.g., crude oil and natural gas). Depending on the
purity, the produced water may be released to the local envi-
ronment (e.g., discarded overboard for an offshore rig). How-
ever, in some instances, the concentration of hydrate inhibi-
tors and other organic material (e.g., drilling fluid additives
and any remaining petroleum hydrocarbons that were not
separated from the water like hexane, benzene, and naphtha-
lene) is sufficiently high that this is not an option.

In some instances, chemical coagulants may be used to
consolidate the organic material including hydrate inhibitors
into a form that can be removed by hydrocyclones, thereby
reducing the concentration of hydrate inhibitors in the pro-
duced water. However, in some instances, the chemical
coagulant may be unable to coagulate and remove a sufficient
amount of organic material for disposal of the produced
water. This issue may be especially prevalent for deepwater,
offshore wells where very high concentrations of hydrate
inhibitors may be used because of the low temperatures at the
sea floor.

Further, in many instances, this step of consolidating the
hydrate inhibitor may be rate limiting to the entire production
operation. That is, with limited storage on an offshore rig, the
rate of removing the hydrate inhibitors may limit the rate at
which the water and, consequently, the petroleum hydrocar-
bons may be produced. In some extreme instances, the well
may need to be shut in for a period of time to allow for the
produced water to be sufficiently cleaned.

BRIEF DESCRIPTION OF THE DRAWINGS

The following figures are included to illustrate certain
aspects of the embodiments, and should not be viewed as

20

40

45

65

2

exclusive embodiments. The subject matter disclosed is
capable of considerable modifications, alterations, combina-
tions, and equivalents in form and function, as will occur to
those skilled in the art and having the benefit of this disclo-
sure.

FIG. 1 provides an illustration of a system according to at
least some embodiments described herein.

FIG. 2 provides an illustration of an electrocoagulation
system or portion thereof according to at least some embodi-
ments described herein.

FIG. 3 provides an illustration of an electrocoagulation
system 320 according to at least some embodiments
described herein.

DETAILED DESCRIPTION

The embodiments described herein relate to reduction of
hydrate inhibitor concentrations in produced water.

Electrocoagulation systems and methods are described
herein for reducing the concentration of hydrate inhibitors in
produced water. Generally, electrocoagulation systems use
electrochemical processes to coagulate organic materials
including hydrate inhibitors. Additionally, the electrocoagu-
lation systems may be modular where several housings or
units may be placed in series, parallel, or both to provide for
greater removal capacity as needed for higher concentrations
of hydrate inhibitors (e.g., as seen in some deepwater, oft-
shore wells).

In some instances, the electrocoagulation systems
described herein may be compact with a footprint less than
the footprint associated with the mixing tanks and hydrocy-
clones used in a chemical coagulation process. Accordingly,
the electrocoagulation systems and associated methods
described herein may be suitable for use at offshore well sites
where space is often a limiting factor to implementation of a
technology.

Unless otherwise indicated, all numbers expressing quan-
tities of ingredients, properties such as molecular weight,
reaction conditions, and so forth used in the present specifi-
cation and associated claims are to be understood as being
modified in all instances by the term “about.” Accordingly,
unless indicated to the contrary, the numerical parameters set
forth in the following specification and attached claims are
approximations that may vary depending upon the desired
properties sought to be obtained by the embodiments of the
present invention. At the very least, and not as an attempt to
limit the application of the doctrine of equivalents to the scope
of the claim, each numerical parameter should at least be
construed in light of the number of reported significant digits
and by applying ordinary rounding techniques. Further, it
should be noted that when “about” is provided herein at the
beginning of a numerical list, “about” modifies each number
of the numerical list. It should be noted that in some numeri-
cal listings of ranges, some lower limits listed may be greater
than some upper limits listed. One skilled in the art will
recognize that the selected subset will require the selection of
an upper limit in excess of the selected lower limit.

In some embodiments, systems described herein may
include a wellbore penetrating a subterranean formation with
atubular disposed in the wellbore. The tubular may contain a
fluid comprising petroleum hydrocarbons and water, the
water having an organic material that includes hydrate inhibi-
tors dispersed therein. The system further includes an elec-
trocoagulation system in fluid communication with the tubu-
lar and being capable of receiving the fluid from the tubular.
As used herein, the terms “fluid communication,” “fluidly
communicable,” and the like refer to two or more compo-
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nents, systems, etc. being coupled such that fluid from one
may flow to the other. In some embodiments, other compo-
nents, systems, etc. may be disposed between the two or more
components that are fluidly communicable. For example,
valves, flow meters, pumps, mixing tanks, holding tanks,
tubulars, separation systems, and the like may be disposed
between two or more components that are fluidly communi-
cable.

FIG. 1 provides an illustration of a system 100 according to
at least some embodiments described herein. It should be
noted that while FIG. 1 generally depicts a land-based sys-
tem, it is to be recognized that like systems may be operated
in subsea locations as well. As depicted in FIG. 1, system 100
may include a wellbore 102 penetrating a subterranean for-
mation 104. A fluid 106 (also referred to as a produced fluid
106) produced from the subterranean formation 104 may
travel up a tubular 108 disposed in the wellbore 102. Gener-
ally, the produced fluid 106 may include petroleum hydrocar-
bons and water. The water may have organic material, includ-
ing hydrate inhibitors, dispersed therein. As used herein, the
term “produced fluid” refers to a fluid retrieved from the
wellbore that comprises formation fluids (e.g., water and
hydrocarbons native to the formation).

After the fluids 106 reach the wellhead 110, the produced
fluids 106 may be treated in a separator 112 (e.g., a three-
phase separator) for separating the petroleum hydrocarbons
(e.g., 0il 116 and gas 114) from the water 118. The water 118
may then be treated in an electrocoagulation system 120 to
produce effluent water 122 and coagulated organic material
124.

FIG. 2 provides an illustration of an electrocoagulation
system 220 or portion thereof according to at least some
embodiments described herein. The electrocoagulation sys-
tem receives and contains the water 218 in a housing 226.
Also contained within the housing 226 is an anode 228 and a
cathode 230, which are electrically coupled via a power
source 232 (e.g., a DC power source). During operation, the
organic material coagulates and either settles, illustrated as
coagulated organic material 224qa, or floats, illustrated as
coagulated organic material 2245. Without being limited by
theory, it is believed that coagulation is driven by an anodic
process that releases positively charged ions that may bind to
negatively charged organic material. At the same time, gas
bubbles may be produced at the cathode 230 that may bind to
some of the coagulated organic material 2245, thereby allow-
ing it to float to the top and be skimmed off. Heavier coagu-
lated organic material 224a may sink to the bottom. The
resultant effluent water 222 may then be utilized, discarded,
or further treated as described herein.

In some embodiments, a device (not shown) for regulating
a current density between the pairs of electrodes may be
included in the electrocoagulation system 220. In some
embodiments, the power and current density used during
operation may depend on, inter alia, the concentration of
organic material and hydrate inhibitors in the water, the
degree to which organic material and hydrate inhibitors are
removed from the water, and the like. For example, higher
power and current density may electrocoagulate higher con-
centrations of organic material and hydrate inhibitors. In
some instances, the power may range from about 300 volts to
about 600 volts, including any subset therebetween. In some
instances, the current density may range from about 100 amps
to about 300 amps, including any subset therebetween. In
some instances, the power and current density may be outside
these ranges.

In some embodiments, the power, current density, or both
may be adjusted during electrocoagulation. For example, if
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the concentration of organic material and hydrate inhibitors
increases in the water, the power, current density, or both may
be increased to enhance removal of the organic material and
hydrate inhibitors.

Anodes and cathodes may be made of any suitable mate-
rials for conducting an electrochemical process described
herein. Exemplary materials may include stainless steel, cop-
per, iron, aluminum, graphite, and the like, and any combi-
nation thereof. The material for the anode and cathode should
be chosen to provide for oxidation of the anode and reduction
of the cathode.

In some embodiments, electrocoagulation systems may
include several housings in series, each with anodes and
cathodes as described above. For example, FIG. 3 provides an
illustration of an electrocoagulation system 320 according to
at least some embodiments described herein. The electroco-
agulation system 320 includes five housings 326a-e in series
each including cathodes and anodes (not shown). One skilled
in the art with the benefit of this disclosure would recognize
the plurality of configurations for electrocoagulation systems
including having housings in series, parallel, or both.

In some embodiments, the resulting effluent water 322 may
be retreated in the electrocoagulation system 320 (e.g., com-
bined with the water 318) to further reduce the concentration
of organic material including hydrate inhibitors. In some
embodiments, the electrocoagulation system 320 may
include a sensor (not shown) for detecting the quality of the
effluent water 322. Exemplary metrics for measuring the
quality of the effluent water 322 may include the concentra-
tion of organic material therein, which may be measured by a
total petroleum hydrocarbon sensor. In some embodiments,
such sensors may be downstream of the electrocoagulation
system 320. In some embodiments, such sensor may also be
located between individual housings 326a-e. In some
embodiments, such sensors may be located upstream of the
electrocoagulation system 320. Locating sensors in a combi-
nation of the foregoing may allow for monitoring the removal
of the organic material by comparing the concentration of
organic material at various points along the electrocoagula-
tion system 320.

One of skill in the art will recognize appropriate threshold
values for each of such metrics useful in determining if the
effluent water 322 should be retreated in the electrocoagula-
tion system 320, which may be based on environmental regu-
lations, company policies, and the like. By way of nonlimit-
ing example, effluent water 322 having a concentration of
organic material greater than about 25 ppm (about 20 ppm,
about 10 ppm or about 5 ppm) may be retreated in the elec-
trocoagulation system 320.

Exemplary hydrate inhibitors that may be removed from
produced water by the methods and systems described herein
may include, but are not limited to, glycols, amines, alcohols
(e.g., methanol), and the like, and any combination thereof.

In some embodiments, the concentration of organic mate-
rial including hydrate inhibitors in the produced water before
electrocoagulation may be about 30 ppm or greater (e.g.,
about 100 ppm or greater). In some embodiments, the con-
centration of hydrate inhibitors in the produced water before
electrocoagulation may be about 30 ppm or greater (e.g.,
about 100 ppm or greater). In some embodiments, the con-
centration of organic material including hydrate inhibitors in
the produced water before electrocoagulation may range
from a lower limit of about 30 ppm, 100 ppm, 250 ppm, or 500
ppm to an upper limit of about 30,000 ppm, 20,000 ppm, 2000
ppm, 1000 ppm, or 500 ppm, wherein the concentration of
organic material in the effluent water may be between any
lower limit and any upper limit and encompass any subset
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therebetween. In some instances, the concentration of organic
material including hydrate inhibitors may be outside this
range (e.g., up to about 50% by volume, up to about 75% by
volume, or even greater).

In some embodiments, the concentration of organic mate-
rial in the water may be reduced using electrocoagulation by
about 90% or greater, about 95% or greater, about 98% or
greater, or about 99% or greater (e.g., as determined by com-
paring the concentration of organic material in the water
before entering the electrocoagulation system and the effluent
water from the electrocoagulation system).

In some embodiments, the concentration of organic mate-
rial in the effluent water may be range from a lower limit of
about O ppm, 0.1 ppm, 1 ppm, or 5 ppm to an upper limit of
about 30 ppm, 20 ppm, or 10 ppm, wherein the concentration
of organic material in the effluent water may be between any
lower limit and any upper limit and encompass any subset
therebetween. The concentration of organic material in the
effluent water may depend on, among other things, the
intended use or disposal of the effluent water and local envi-
ronmental restrictions.

In some embodiments, the pH of the water may be adjusted
during or before electrocoagulation (or retreatment) to facili-
tate coagulation of organic material. In some instances,
increasing the pH of water may facilitate flocculate forma-
tion, which as described herein relative to FIG. 2 may float or
sink. In some instances, the pH of the water during or before
electrocoagulation may be at or adjusted to a pH ranging from
a lower limit of about 3, 4, 5, 6, 7, or 8 to an upper limit of
about 12, 11, 10, 9, or 8, wherein the pH may be between any
lower limit and any upper limit and encompass any subset
therebetween.

In some embodiments, acids, bases, or buffers may be used
to adjust or maintain a desired pH level. With reference to
FIG. 3, in some instances, the pH of the water in individual
housings 326a-¢ may be different. For example, the pH in
system 300 may increase progressively from housing to hous-
ing to remove organic material including hydrate inhibitors.
For example, a component for adding acid, base, or buffer to
the water may be located between individual housings 326a-
e, so as to adjust the pH of the water before each electroco-
agulation treatment. In some instances, pH meters may be
located between or at individual housings 326a-¢ to monitor
the pH of the water along the system 300.

In some embodiments, the resulting effluent water may be
collected, released, used in a wellbore operation, or a combi-
nation thereof. Exemplary wellbore operations may include
drilling operations, stimulation operations (e.g., fracking,
acid stimulation, steam operations), cementing operations,
and production operations. Some embodiments may involve
introducing the effluent water into the wellbore (e.g., as part
of a drilling or treatment fluid).

Embodiments disclosed herein include Embodiment A,
Embodiment B, and Embodiment C.

Embodiment A: A method that includes producing a fluid
from a subterranean formation, the fluid comprising petro-
leum hydrocarbons and water, the water having an organic
material that includes hydrate inhibitors dispersed therein,
wherein the hydrate inhibitors are at a concentration of about
30 ppm or greater in the water; separating the petroleum
hydrocarbons from the water and the organic material; and
separating at least some of the organic material from the water
via electrocoagulation to yield an effluent water and a coagu-
lated organic material.

Embodiment A may have one or more of the following
additional elements in any combination: Element Al:
wherein a concentration of the organic material in the effluent
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water has been reduced by about 90% or more as compared to
the water before electrocoagulation; Element A2: wherein a
concentration of the organic material in the water before
electrocoagulation is about 500 ppm to about 30,000 ppm;
Element A3: wherein a concentration of the organic material
in the water before electrocoagulation is up to about 75% by
volume of the water; Element A4: wherein a concentration of
the organic material in the effluent water is about 0.1 ppm to
about 30 ppm; Element AS5: the method further including
adjusting the pH of the water before or during the electroco-
agulation to between about 3 and about 12; Element A6: the
method further including introducing the effluent water into a
wellbore penetrating the subterranean formation; Element
A7: the method further including disposing of the effluent
water; and Element A8: the method further including retreat-
ing the effluent water via electrocoagulation.

By way of non-limiting example, exemplary combinations
applicable to Embodiment A include: combinations of Ele-
ments Al and A2; combinations of Elements Al and A4,
combinations of Elements A2 and A4 and optionally AS8;
combinations of Elements A4 and A7; combinations of Ele-
ments A3 and A8; combinations of Elements A4 and AG6;
combinations of Elements Al and A6; and Element A5 in
combination with any of the foregoing.

Embodiment B: A method that includes producing a fluid
from a subterranean formation, the fluid comprising petro-
leum hydrocarbons and water, the water having an organic
material that includes hydrate inhibitors dispersed therein,
wherein the hydrate inhibitors are at a concentration of about
30 ppm or greater in the water; separating the petroleum
hydrocarbons from the water and the organic material; and
separating at least some of the organic material from the water
via a first electrocoagulation to yield an effluent water and a
coagulated organic material, wherein the effluent water has a
concentration of the organic material of greater than about 25
ppm; and retreating the effluent water via a second electro-
coagulation.

Embodiment B may have one or more of the following
additional elements in any combination: Element B1:
wherein a concentration of the organic material in the effluent
water has been reduced by about 90% or more as compared to
the water before electrocoagulation; Element B2: wherein a
concentration of the organic material in the water before the
first electrocoagulation is about 500 ppm to about 30,000
ppm; Element B3: wherein a concentration of the organic
material in the water before the first electrocoagulation is up
to about 75% by volume of the water; Element B4: the
method further including adjusting the pH of the water before
or during the first electrocoagulation to between about 3 and
about 12; Element B5: the method further including adjusting
the pH of the water before or during the second electrocoagu-
lation to between about 3 and about 12; Element B6: the
method further including introducing the water after the sec-
ond electrocoagulation into a wellbore penetrating the sub-
terranean formation; Element B7: the method further includ-
ing disposing of the water after the second
electrocoagulation.

By way of non-limiting example, exemplary combinations
applicable to Embodiment B include: combinations of Ele-
ments Bl and B2; combinations of Elements B1 and B3;
combinations of Elements B4 and B5 and optionally in com-
bination with Elements B1 and B3; combinations of Elements
B3, B4, and B5; combinations of Elements B1, B4, and BS5;
and Element B6 or B7 in combination with any of the fore-
going.

Embodiment C: A system that includes a wellbore pen-
etrating a subterranean formation; a tubular disposed in the
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wellbore containing a fluid comprising petroleum hydrocar-
bons and water, the water having an organic material that
includes hydrate inhibitors dispersed therein, wherein the
hydrate inhibitors are at a concentration of about 30 ppm or
greater in the water; and an electrocoagulation system in fluid
communication with the tubular and being capable of receiv-
ing the fluid from the tubular.

Embodiment C may have one or more of the following
additional elements in any combination: Element Cl1:
wherein the electrocoagulation system comprises a sensor for
measuring a concentration of the organic material in the
water; Element C2: wherein a concentration of the organic
material in the water is about 500 ppm to about 30,000 ppm;
and Element C3: wherein a concentration of the organic mate-
rial in the water is up to about 75% by volume of the water.

By way of non-limiting example, exemplary combinations
applicable to Embodiment C include: combinations of Ele-
ments C1 and C2; combinations of Elements C2 and C3;
combinations of Elements C1 and C3; and combinations of
Elements C1, C2, and C3.

One or more illustrative embodiments incorporating the
invention embodiments disclosed herein are presented
herein. Not all features of a physical implementation are
described or shown in this application for the sake of clarity.
Itis understood that in the development of a physical embodi-
ment incorporating the embodiments of the present invention,
numerous implementation-specific decisions must be made
to achieve the developer’s goals, such as compliance with
system-related, business-related, government-related and
other constraints, which vary by implementation and from
time to time. While a developer’s efforts might be time-
consuming, such efforts would be, nevertheless, a routine
undertaking for those of ordinary skill the art and having
benefit of this disclosure.

While compositions and methods are described herein in
terms of “comprising” various components or steps, the com-
positions and methods can also “consist essentially of” or
“consist of” the various components and steps.

To facilitate a better understanding of the embodiments of
the present invention, the following examples of preferred or
representative embodiments are given. In no way should the
following examples be read to limit, or to define, the scope of
the invention.

EXAMPLES

A sample of produced water having been separated from
petroleum hydrocarbon was treated via electrocoagulation.
The sample of produced water was flowed at about 0.25
gallons per minute through an electrocoagulation system with
Fe and A1 electrodes at a voltage of 2.5V and a current of 14
A. Electrocoagulation of the sample reduced organic material
(as measured by the total petroleum hydrocarbons (TPH))
from about 86 ppm to about 6 ppm.

Therefore, the present invention is well adapted to attain
the ends and advantages mentioned as well as those that are
inherent therein. The particular embodiments disclosed
above are illustrative only, as the present invention may be
modified and practiced in different but equivalent manners
apparent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than
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as described in the claims below. It is therefore evident that
the particular illustrative embodiments disclosed above may
be altered, combined, or modified and all such variations are
considered within the scope and spirit of the present inven-
tion. The invention illustratively disclosed herein suitably
may be practiced in the absence of any element that is not
specifically disclosed herein and/or any optional element dis-
closed herein. While compositions and methods are described
in terms of “comprising,” “containing,” or “including” vari-
ous components or steps, the compositions and methods can
also “consist essentially of” or “consist of”” the various com-
ponents and steps. All numbers and ranges disclosed above
may vary by some amount. Whenever a numerical range with
a lower limit and an upper limit is disclosed, any number and
any included range falling within the range is specifically
disclosed. In particular, every range of values (of the form,
“from about a to about b,” or, equivalently, “from approxi-
mately a to b,” or, equivalently, “from approximately a-b”)
disclosed herein is to be understood to set forth every number
and range encompassed within the broader range of values.
Also, the terms in the claims have their plain, ordinary mean-
ing unless otherwise explicitly and clearly defined by the
patentee. Moreover, the indefinite articles “a” or “an,” as used
in the claims, are defined herein to mean one or more than one
of the element that it introduces.

The invention claimed is:

1. A method comprising:

producing a fluid from a subterranean formation, the fluid

comprising petroleum hydrocarbons and water, the
water having an organic material that includes hydrate
inhibitors dispersed therein, wherein the hydrate inhibi-
tors are at a concentration of about 30 ppm or greater in
the water;

separating the petroleum hydrocarbons from the water and

the organic material; and
separating at least some of the organic material from the
water via a first electrocoagulation to yield a first effluent
water and a coagulated organic material, wherein the
first effluent water has a concentration of the organic
material of greater than about 25 ppm; and
retreating the first effluent water via a second electroco-
agulation to yield a second effluent water, wherein a
concentration of the organic material in the second efflu-
ent water has been reduced by about 95% or more as
compared to the water before electrocoagulation.
2. The method of claim 1, wherein a concentration of the
organic material in the second effluent water has been reduced
by about 98% or more as compared to the water before elec-
trocoagulation.
3. The method of claim 1, wherein a concentration of the
organic material in the water before the first electrocoagula-
tion is about 500 ppm to about 30,000 ppm.
4. The method of claim 1, wherein a concentration of the
organic material in the water before the first electrocoagula-
tion is up to about 75% by volume of the water.
5. The method of claim 1 further comprising:
adjusting the pH of the water before or during the first
electrocoagulation to between about 3 and about 12.

6. The method of claim 1 further comprising:

adjusting the pH of the water before or during the second
electrocoagulation to between about 3 and about 12.
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